A study on production breaks in gynecological examination table cover paper rolls processed on a Schultz Rewinder  by Bader, Bruce H. & Badar, M. Affan
Engineering Science and Technology, an International Journal xxx (2016) xxx–xxxContents lists available at ScienceDirect
Engineering Science and Technology,
an International Journal
journal homepage: www.elsevier .com/ locate / jestchFull Length ArticleA study on production breaks in gynecological examination table cover
paper rolls processed on a Schultz Rewinderhttp://dx.doi.org/10.1016/j.jestch.2016.10.009
2215-0986/ 2016 Karabuk University. Publishing services by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
⇑ Corresponding author at: 201 Seminole Lane, Green Bay, WI 54313, USA.
E-mail addresses: bbader@sycamores.indstate.edu (B.H. Bader), m.affan.badar@
indstate.edu, mbadar@sharjah.ac.ae (M.A. Badar).
Peer review under responsibility of Karabuk University.
1 Currently at University of Sharjah – Industrial Engineering & Engineering
Management Department, UAE.
Please cite this article in press as: B.H. Bader, M.A. Badar, A study on production breaks in gynecological examination table cover paper rolls process
Schultz Rewinder, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.jestch.2016.10.009Bruce H. Bader ⇑, M. Affan Badar 1
Department of Applied Engineering and Technology Management, Indiana State University, Terre Haute, IN 47809, USA
a r t i c l e i n f o a b s t r a c tArticle history:
Received 21 July 2016
Revised 17 October 2016
Accepted 22 October 2016
Available online xxxx
Keywords:
Rewinder
Tensile strength
Stretch
Speed
Web-breaksThis work is a case study dealing with the production of examination table covering used in gynecological
offices which has been a problem for its manufacturer, Little Rapids Corporation. During production, the
rolls of paper break or tear causing production to cease while the machine is reloaded, costing about
$10,000 of lost production in a year. This study was done to investigate the independent variables that
contribute to those breaks and to determine if breaks have a significant impact on production rate
(speed). Tensile strength and stretch of the paper were chosen as the independent variables in a binary
regression analysis. In addition, breaks were compared to machine speed settings to see if there was a
correlation. The results showed that the independent variables did have an impact on the probability
of breaks occurring and a corresponding relationship was derived using regression analysis. The study
recommended that the tensile strength or stretch of the specified paper be increased by 25% to lower
the probability of breaks to an acceptable level and allow operators to maintain the desired speed setting.
Any greater increase in tensile strength and stretch would incur capital expense that would be
prohibitive.
 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The paper products manufacturing industry takes paper rolls as
input and converts them into rolls of stronger and improved paper.
The finished product rolls must be able to be processed at a prof-
itable rate of manufacturing, and stopping a converting machine
reduces the productivity. One cause for stopping the converting
machine is that the paper being fed into the converting machine
breaks and disrupts the feed. The operator must then stop the
machine and manually rethread the paper through the machine.
This is cumbersome, time consuming, and an odious chore for
the operator.
There are several theories regarding what parameters affect the
paper breaking during processing. If the paper is being removed
from the converting machine faster than it is being fed into the
machine, the resulting tension can cause the paper to rip or break.
Bagnoto [4] attributes paper breaking during processing to high
rates of reel acceleration and deceleration. Grenfell [11] attributesbreaking of paper to the tension control of the converting machin-
ery. Carrasco and Valenzuela [6] discuss trying to control that ten-
sion to reduce the breaking of paper. The problem of breaks is often
addressed by inclusion of driven unwind. This means that the
paper being fed into the converting machine is on a roll that has
a motor that turns the roll at a designed speed. Hence, the speed
of the unwinding and the speed of the winding can theoretically
be matched. With matched speeds a roll does not leave the con-
verting machine faster than it is going into the machine and no
breaks occur [5]. Liu et al. [13] discuss controlling this tension with
disturbance controllers. Raul et al. [14] discuss how to control the
matching speeds using a synthesizer to prevent breaks. Chai et al.
[7] recommend using a PLC to match the speeds of unwinding and
rewinding rolls to prevent the tension that causes breaks. The dif-
ficulty is that not all converting machines have driven unwinding
capability. In addition, retrofitting the machine could be costly
and inconvenient if space is limited.
Consani America [8] proposes that the parent roll properties are
a contributing cause to paper breaking when there are high rates of
reel acceleration and deceleration. Paper has internal strength that
resists tearing apart. This strength is called tensile strength.
Yamauchi and Yamamoto [18] found that, irrespective of the pro-
cessing, a strong relationship between tensile strength and Young’s
modulus, which corresponds to mechanical fiber bonding, wased on a
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Mechanical bonding is the mechanism that dictates the internal
tensile strength of the paper. The less the internal tensile strength
the higher the probability of the paper ripping or breaking during
final use or conversion to a finished product. This is true even if
there is a tension differential between the unwinding roll and
the rewinding roll.
Tensile strength is considered such a critical factor in paper pro-
duction that much research has been done with the conclusion that
tensile strength is improved and processing of the paper is easier
when strengthening agents are added. Kröling et al. [12] studied
reinforcing fiber strength using epoxy resin. Del Rosso et al. [9]
studied polymeric microbraiding to reinforce fiber strength. Wang
et al. [16] studied the use of polyurethane to strengthen fibers.
Vishtal [15] studied agar and gelatin to modify fibers to improve
strength. Each of these studies was done to improve the perfor-
mance of paper and paper products in their use in finished prod-
ucts or in conversion to finished products.
If an organization does not have converting machines that have
driven unwinds and cannot or will not install them the only alter-
native appears to be changing the internal tensile strength of the
paper to compensate for the tension differential between unwind-
ing and rewinding.
This work is a case study that deals with Little Rapids Corpora-
tion, a manufacturer of paper and paper-based products. One pro-
duct made is a specialty examination table covering used in
gynecological (OBGYN) doctors’ offices. Little Rapids uses an old
model Schultz Rewinder that does not have driven unwinds and
experienced paper breaking frequently during processing. The
problem was how to minimize the events of breaking paper with-
out adding capital costs incurred by modifying the equipment or
adding to the cost of the paper being processed.14.1
16.1
Total Tensile Vs Str2. Material and method
The Schultz Rewinder takes large rolls of paper and rewinds
them into smaller rolls with a special plastic backing for additional
strength and protection of the OBGYN exam table where this is
used. The process is continuous with the large roll of paper, which
is located on a shaft, being unwound and processed into smaller
rolls.
The large rolls of paper are produced in batches at the paper
mill at the rate of one batch per month. Paper is made by dissolving
pulp in a water mixture and pouring it onto a porous belt which is
about ten feet wide. Water is removed from the pulp-water slurry
on the belt and super-large rolls of paper come off at the end of the
line. A super-large roll is about 9 feet wide. Rate of water removal
can affect the strength and stretch properties of the paper. The
super-large rolls of paper go through one final process step at the
paper mill where some stretch is removed. The paper is inspected
for internal strength that resists tearing or breaking (tensile
strength). The paper is also tested for the inherent amount of
stretch or elasticity; this is called stretch. There are specification
limits for both tensile strength and stretch.0.1
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Fig. 1. Stretch on the y-axis vs. tensile strength on the x-axis.2.1. Research questions
The following was the first question to be answered by this
research, ‘‘Do recorded tensile strength and/or stretch of the paper
affect or predict if breaks will or will not occur while making
OBGYN product out of the specified paper?” This research was
designed to answer the research question inferentially to the
extent that a formula was developed to determine the minimum
tensile and stretch required to insure 50/50 odds of no breaks
while running a roll of paper through the Schultz Rewinder.Please cite this article in press as: B.H. Bader, M.A. Badar, A study on production
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ond question was asked, ‘‘Does the presence of breaks significantly
affect the speed setting the operator uses for the Schultz
Rewinder?” Speed is then the dependent variable and breaks are
the independent variable. If this is shown to be true, then a practi-
cal application can be made that tensile and stretch will indirectly
affect the speed and, hence, the production rate of OBGYN product
off the Schultz Rewinder. The effect can be quantified so that a
decision can be made regarding the appropriateness of the current
specifications for strength and stretch.2.2. Statistical techniques
The first research question was a quantitative, causal-
comparative method using random data provided from non-
experimentally designed operating conditions. A Binary Logistic
Regression was used because the results of a previous preliminary
Discriminate Analysis proved that the two, interval, independent
variables under consideration have an effect on breaks. The depen-
dent variable is mutually exclusive categorical (breaks or non-
breaks). Even though the researchers cannot change the indepen-
dent variables at will, the research design is inferential to the
extent that it provides a good approximate model for predicting
the odds of breaks occurring. For this research interaction was
not considered. Although interaction may be taking place, the cor-
relation of tensile strength and stretch was strong enough (See
Fig. 1) that it can be assumed that raising one will increase the
other. There is very little possibility of achieving a very high tensile
strength and very low stretch in everyday production. Thus, the
study of interaction was excluded from this study.
For the second research question a ‘‘T-test” was used to com-
pare the speed settings of two different conditions. The first condi-
tion was runs that did not experience breaks and the second was
runs that did experience breaks. In this analysis, the dependent
variable was speed settings of the converting equipment and the
independent variables were the two categories of breaks or non-
breaks. Fig. 2 shows how speed setting relates to breaks. It is clear
from Fig. 2 that the break and speed settings are correlated. High
speed setting yields no breaks and low speed results in breaks.
Equipment used was limited to the Schultz Rewinder but the
employees involved were not limited. Any trained operator could
have participated in the research. This was considered ‘‘noise” to
the research. Because the research did not adversely affect the fin-
ished product, there were no extra budgeting requirements for this
study. No additional supplies or costs were incurred for the pro-
duction or testing that was included in this research.
A combination of Mini-tab and SPSS software was chosen
because each gives a little different perspective on the analysis.breaks in gynecological examination table cover paper rolls processed on a
ch.2016.10.009
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Fig. 2. Converting Machine Speed Settings vs. Breaks or Non-breaks (Good).
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over those developed by SPSS.2.3. Error setting
There appeared to be two possible type II errors for this
research. The first type II error is not catching rolls of table paper
that go to the customer having breaks in them. The potential for
this error to occur in this research is minimal. Any breaks in the
finished product rolls are found immediately: the paper stops com-
ing out of the machine. Hence, the Type II error for the end product
is considered small.
The second type II error is identifying independent variables
that do not affect the prevention of breaks (the binary dependent
variable). Because the independent variables will not be changed
outside of the normal production range for the paper-making pro-
cess which makes the paper for the Schultz Rewinder, there is no
interest in minimizing the in-house type II error at this time.
Therefore, it is not important that it be tightly controlled in this
research. In contrast, because web breaks cost the company money
and inconveniences the operators, the organization is more willing
to accept a greater amount of type I error (a). In addition, the
beauty of the binary regression is that it gives odds not guarantees.
Because of the limited number of independent variables used and
because we are estimating odds, the dilution of the ‘‘a” is not a
concern. Therefore, a two-tail alpha was chosen (a = 0.1) that will
indicate any discriminating variable that could possibly affect
breaks.2.4. Assumptions
The independent variable data was measured using a calibrated,
NIST traceable instrument. Before data was collected from the cal-
ibrated instrument, a gage repeatability and reproducibility (R&R)
study was done. Gage R&R will be further discussed in the section
titled Data Collection.
It is assumed that the limited number of samples will not
adversely affect the results due to the choice of type I error. Warner
[17] says that a cell frequency of less than 5 is problematic. For this
study the smallest group is twelve so there is comfort in the results
of the analysis.
The ‘‘within” roll homogeneity is partially assumed. A roll of
paper is made by mixing fibers as thoroughly as possible although
there is some distribution of fibers within the smallest unit of input
into the mixing process. Consider that all paper is made from trees
that create fibers at different rates and sizes depending upon thePlease cite this article in press as: B.H. Bader, M.A. Badar, A study on production
Schultz Rewinder, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.jestweather conditions each year. Like rings of a tree, fiber formation
varies from year to year. As a result, there is inherent variation
within each tree used to make paper. Mixing creates some homo-
geneity but not complete homogeneity. The three samples taken
either at the beginning of a roll or at the end of the roll are assumed
to be representative of the entire roll. While that does not make the
resulting sample values homogeneous in variation, it does reduce
the variation enough for practical applications.
Changes in the discriminating variables are at no-cost to the
organization. This assumption may be challenged if some proper-
ties are taken to the extreme. At this point the assumption is being
made that the allowable range identified on the variable chart is
within the no-additional-cost window.
All data was collected properly and completely. The experiment
took place over many days and during different working shifts. The
researcher cannot oversee the collection of all data, particularly the
dependent variable data collection. Because breaks are overtly evi-
dent, it is assumed that all breaks are recorded. Since the depen-
dent variable is limited to pass/fail, i.e., breaks are overtly
evident, it is assumed that all breaks are recorded. Since the depen-
dent variable is limited to pass/fail and that appears to be indis-
putable, it was determined that there was no need to conduct a
gage R&R to insure reliability and accuracy of break measurement.
Warner [17] suggests two tests for evaluating the statistical
power of the analysis. One is the expected cell frequencies and
the other is sample size. Because the independent variables are
continuous, the cell size was difficult to approximate. Hence, the
assumption is made that the frequencies are sufficient with 20%
of the rolls experiencing breaks and 80% not experiencing breaks.
The recommendation is that the sample size be 10 times the num-
ber of independent variables. There are two independent variables
and 49 samples. There is an assumption that the sample size is
sufficient.
Speed control is related to actual speed. There is no substantive
evidence that this assumption is not true. The actual speed setting
is not as important as the relative speed setting to all other runs.
2.5. Samples
The machine is run at different times during the week depend-
ing upon when a trained operator is available. A typical run is for
one shift that is eight hours in length. One large roll of paper will
last about 60 min. Therefore, one run is considered eight rolls. At
the end of the run, the machine is shut down and that area is
cleaned. A sample is taken from a random assigned roll out of each
run. A previous preliminary study showed that the speed of the
machine varies significantly from beginning to end of the process-
ing of one roll of paper. However, the operator was allowed to
choose when the speed reading was recorded and the sample of
paper taken for strength and stretch measurement. Sample choices
are limited based upon what rolls are accessible from the ware-
house for use on any particular day.
The tensile test and the stretch test are both destructive and
cannot be repeated for any identical sample. Because homogeneity
of rolls is assumed but not necessarily true, homoscedasticity is
also assumed. This is not a concern since three samples were taken
for each roll and the mean was used for the sample value, thus mit-
igating some ‘‘within roll” variation.
2.6. Variables
The researchers chose breaks as the dependent variable because
there are two distinct categories that will generate a simple one
discriminant function answer. The independent variables were
identified in an interview with the Operations Manager (Mitch
Specht, personal communications, February 2015) as tensilebreaks in gynecological examination table cover paper rolls processed on a
ch.2016.10.009
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Yamamoto [18] previous work. Previous studies done at Little
Rapids considered other potential independent variables: age of
the paper, tension of the winder when rolling up the paper off
the paper production machine, and how the paper is made Bader
[2] showed no correlations to breaks of paper while being con-
verted (see Fig. 3). Fig. 3 shows the lack of correlation between
speed and the independent variables. Although speed vs. tension
and speed vs. strength of vacuum have no identifiable correlation
in Fig. 3, it should be investigated further. In the current work, ten-
sion and stretch have been considered as explained later. This pre-
vious study Bader [2] showed that moisture did not correlate to
breaks of paper while being converted (see Fig. 4). A second study
of non-quantitative factors; unique properties of the paper produc-
tion machines, unique location of the paper coming off of the paper
production machine, winding machine, and environmental condi-
tions of storage facility for the paper [3] showed no significant
effect on the probability of the paper breaking when being con-
verted (see Fig. 5). Because speed has been shown to correlate
the second study used speed as a surrogate for breaks.
Tensile strength is measured by exerting an increasing amount
of pulling force on a one-inch wide strip of paper. The amount of
force needed to tear the paper is recorded as the tensile strength.
The paper also has some inherent amount of stretching capability.
Stretch is measured at the point of maximum tensile strength and
is recorded as a percent of the length of paper tested. The tensile
and stretch testing device is calibrated to a national standard
established by the National Institute of Standard Testing (NIST).
This organization sets the standards for measuring equipment to
insure accurate measurement of devices.
In a preliminary study conducted by the researchers, it was
found that both machine direction (MD) tensile strength and cross
direction (CD) tensile strength appeared to have an effect on the
dependent variable. The lower the measured values for either
MD tensile strength or CD tensile strength, the more breaks
appeared to take place. In order to simplify this study overall ten-
sile strength (sum of MD and CD tensile) was used.80604020
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Fig. 3. Speed vs. independent variables of age of the paper
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Schultz Rewinder, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.jestThe independent variables (IV) used in this research paper are
all interval data and the dependent variable (DV) is two-level
mutually exclusive categorical, breaks in the paper web or not.
Web is defined as the continuous flow of paper from the large roll
on the ‘‘unwind stand” until it is cut into smaller rolls. A binary
regression analysis was performed. For this research the data
was collected by random sampling of a unique run (group of
items). The run is defined as unique because the machine was shut
down between runs and restarted later. Appendix A lists the vari-
ables included in this study along with pertinent information
regarding each.
2.7. Data collection
The machine operator was given the freedom to collect samples
at either the beginning or at the end of the roll of paper. The only
data that was required to be reported was roll identification num-
ber and the number of paper breaks experienced during the run.
This was recorded on a log sheet then transferred to a spread sheet
(see Appendix B).
The assignment of a roll to the category of breaks or non-breaks
was done based upon whether or not any break had occurred at
any time during the processing of that particular roll of paper.
Hence, no matter whether there were five breaks experienced dur-
ing the processing of a roll or whether there was only one break
experienced during the processing, it was assigned to the breaks
category.
Tensile strength and stretch were measured by one person and
recorded to the last digit reported by the device output. The tensile
and stretch testing instrument was calibrated to an NIST traceable
source within one year of the research work. For both the tensile
and the stretch studies the overall gage R&R was approximately
35% of tolerance. For some, this is acceptable [10]. Antony [1]
would say that above 10% of tolerance is too much. For this
research the 35% is deemed sufficient, considering that the confi-
dence interval is 90% and that the research results are being used
to look for any possible source of variation.11001000900800700
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Fig. 5. Winder #3 or #4 and Left Side or Right Side vs. Speed.
Table 1
Classification Table.a
Observed Predicted
Fit Percentage Correct
Breaks Good
Fit Breaks 12 1 92.3
Good 1 39 97.5
Overall Percentage 96.2
a The cut value is 0.500.
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The results for tensile strength and stretch were all recorded
individually with three readings per sample. The readings for each
sample were then averaged together to obtain the reported value
for that sample. All numbers were rounded off to the next signifi-
cant figure above the reported value. All data was entered into a
spread sheet and checked for accuracy. Tensile strength was
recorded as reported by the testing device; stretch was reported
as percentage (7.5 is 7.5%). The only coding was assigning a value
to the breaks dependent variable. The two exclusive conditions
were breaks or non-breaks. Rolls that had any breaks were coded
(0) and those that had no breaks were coded (1). Therefore, data
that led to positive results were considered more favorable. The
data was exported to SPSS and Mini-tab for analysis.
2.9. Limitations
The data was collected randomly but not using a designed
experiment. All data was used but the research was not designed
to be orthogonally balanced. There were some replicates of condi-
tions but not by design. Because all of the data was collected from a
process using only the Schultz Rewinder and a specific grade of
paper, there is neither claim of generalization to all rewinders
nor to all grades of paper. The Schultz Rewinder has several com-
ponents that wear out over time. The results of this study are only
applicable for the current conditions of the rewinder.Please cite this article in press as: B.H. Bader, M.A. Badar, A study on production
Schultz Rewinder, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.jest3. Theory/calculations
3.1. Hypotheses
The first null hypothesis is that there is no unique effect from
tensile strength or stretch of the paper on breaks greater than
the ‘‘within” variation. Ho1: BTen = BStr = 0. The alternative hypoth-
esis is HA1: BTen– BStr– 0. The research was preformed to identify
if the odds of a web break are greater or less when there are
changes in the two independent variables. In addition, the research
was conducted to develop an approximate model for determining
when there are greater than 50/50 odds of no breaks occurring dur-
ing the running of the paper.
The second null hypothesis is that there is no significant
difference in the Schultz Rewinder speed settings made by the
operator for rolls that experience breaks and those that do not.
Ho2: lspeed-breaks = lspeed-nobreaks, HA2: lspeed-breaks– lspeed-nobreaks.3.2. Descriptive statistics
The assumption of an acceptable and repeatable measurement
system is supported by the gage R&R assessment. The measure-
ment system variability was approximately 35% of tolerance. See
the data collection section for further explanation.
Within-roll homogeneity and cell frequency assumptions
appear are supported. Both stretch and tensile are normally dis-
tributed; AD p-value = 0.376 for stretch and AD p-value = 0.259
for tensile. Both are above the level chosen for significance of
p = 0.10. There is a slight kurtosis (less than 1 for both) but that
could be due to the number of samples.
The assumption of data being applicable and sufficient for a bin-
ary regression was examined. The over-all omnibus chi-square v2
(2 degrees of Freedom) = 45.859, p < 0.001 indicates the full model
LL has a better fit than the constant-only model and is well within
the 0.1 chosen for significance level [17].
To continue with the full model binary regression analysis, the
overall percentage correctly classified as breaks (0) and non-breaks
(1) was 96.2% (see Table 1).
One last descriptive statistic for the binary regression was cho-
sen: the Hosmer and Lemeshow Test. For this test the v2 (8) = 2.81,
p = 0.945 indicates that the predicted model does not deviate sig-
nificantly from the actual model because of the low Chi-squared
value and the very high p value [17].
For the ‘‘T-test” of speed at the two conditions of breaks the
speed setting means are 563 (N = 13) for runs with breaks and
593 (N = 40) for runs without breaks. At 1.58 (DF = 12, 39) the ratio
of variances is less than the critical value for F (a = 0.10) so the
variances can be pooled for computing confidence intervals [10].
The values reported for tensile strength, stretch and speed are
all normally distributed. It was also noted that there is a moderate
correlation between the tensile strength and the stretch, the Pear-
son r correlation p = 0.655. These two gave support that there were
no special causes affecting the results.breaks in gynecological examination table cover paper rolls processed on a
ch.2016.10.009
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For the binary regression, the p values for stretch p = 0.020, Ten-
sile p = 0.027, and the constant p = 0.009 are all below the chosen
limit of significance of a = 0.10. These values indicate that there
is confidence in the model generated using both tensile and stretch
to probability of breaks occurring during the use of a particular roll
of paper. For the ‘‘T-test” the p value = 0.001 is negligible compared
to a = 0.10 significance level chosen.Fig. 6. Probability of Breaks vs. ‘‘Ten” (Tension) and ‘‘Str” (Stretch), 1.0 represents
lowest probability of breaks.4. Results
The first question to be asked is if either or both independent
variables have a significant effect on the occurrence of breaks in
the sheet. To answer that, we turn to the Wald ratio: for stretch
the Wald ratio v2 (1) = 5.405, and for tensile the Wald ratio v2
(1) = 4.892. Each is well above the critical chi-squared value at
a = 0.10 ([17]). Since this is sufficient evidence to indicate that
the independent variables have an effect on breaks, the next step
is to see if there is a reliable model that fits. An iteration history,
using Cox and Snell as well as Nagelkerke, after 9 steps arrives at
a ‘‘-2 log likelihood” and can drop as low as 13.193. Mini-tab gives
a good output at this point by actually showing the model that
includes tensile and stretch as predictors, Y0 = 37.687 + 1.187
Str + 0.025 Ten. A Cox and Snell R2 = 0.579 and the Nagelkerke
R2 = 0.862 increase our confidence that this model is appropriate
to predict the occurrence of breaks [17].
To address the second question a ‘‘T-test” comparing the speed
setting data was used. There were two conditions, breaks and no
breaks. Using the same logic for determining the alpha value that
was previously used, T-value = -7.28 (P-value < 0.001 at a = 0.10)
which indicates high confidence of significant difference.
4.1. Statistical decision
We can conclude that there is sufficient evidence to reject the
first null hypothesis Ho: BTen = BStr = 0. Therefore, the alternative
hypothesis HA: BTen– BStr– 0 must be accepted. The probability
of breaks occurring is affected by both the tensile strength and
the stretch.
We can conclude that there is sufficient evidence to reject the
second null hypothesis that there is no significant difference in
the Schultz Rewinder speed settings made by the operator for rolls
that experience breaks and those that do not. Ho2:
lspeed-breaks = lspeed-nobreaks. Therefore, the alternative hypothesis
HA2: lspeed-breaks– lspeed-nobreaks must be accepted. The presence
of breaks will affect the speed setting for the Schultz Rewinder
while making OBGYN product from the specified paper.5. Discussion
A surface graph is useful here, see Fig. 6. Higher tensile strength
means a higher probability that breaks will not occur (coded 1).
The probability of breaks not occurring for tensile strengths in
the middle of the spectrum is increased with higher stretch. Using
the present target values for tensile (1070 g/in) and stretch (11.5%)
in the expression obtained in Section 4 (Y0 = 37.687 + 1.187 Str
+ 0.025 Ten), Y0 is computed to be 2.33. What is of greatest concern
is that using the lower specification for tensile and stretch, the
odds of not having breaks is 2.9 E-5 to 1 which means that it is
almost inevitable that breaks happen when the tensile and stretch
are at the lower end of the specification limits.
If this is true, then in actual production do only 20% of the rolls
experience breaks instead of the expected 50% or more? The
answer may lie in the practice of the operators to have a significantPlease cite this article in press as: B.H. Bader, M.A. Badar, A study on production
Schultz Rewinder, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.jestdifference between the speed at the beginning, middle and end of
the run of processing all rolls of paper. The slower the speed, the
less tension is on the roll of paper and, therefore, there is less prob-
ability that the paper will break. This practice saves breaks at the
expense of production rate.
An assumption was made that there was no cost to the organi-
zation to change the independent variables. It was pointed out that
this assumption may be challenged if some properties are taken to
the extreme. The conclusion of this report is that the specifications
for tensile strength and the stretch should be increased about 25%.
For example, tensile strength minimum is now 830, but the desired
minimum should be 1050 to achieve at least a 50% probability of
no breaks (1050–830/830  25%). Any greater increase in tensile
strength and stretch would incur capital expense that would be
prohibitive.6. Conclusions
This research demonstrated that increasing tensile strength and
stretch will decrease the probability of having web breaks while
running specified paper on the Schultz Rewinder in the reliability
conditions that were present February 2015 through April 2015.
This was verified in the summer of 2015. The stretch of the speci-
fied paper was increased and all of the other factors were allowed
to vary within standard parameters. The results were that web
breaks ceased. Reducing web breaks allowed the operator to set
machine speeds at the highest rate possible. Little Rapids Corpora-
tion increased the tensile strength and stretch of the paper to the
optimum level. This optimization of stretch and tensile strength
properties of the paper, decreases breaks while not increasing
the production costs of the paper. This increased productivity by
approximately $10,000 annualized rate.
In this study, an assumption was made that there was no cost to
the organization to change the independent variables. Future
research could include the effect on cost of the product if the ten-
sile strength and the stretch properties of specified paper were
increased past 50/50 odds that there would be no breaks.
Future research could be done to determine if tensile and
stretch properties of other grades of paper also affect the probabil-
ity of breaks and the speed setting of the Schultz Rewinder.
Future research could be done to determine if other rewinders
are affected by tensile strength and to determine the probabilitybreaks in gynecological examination table cover paper rolls processed on a
ch.2016.10.009
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paper used on those machines.
Future research could be performed at various stages of Schultz
Rewinder parts’ life. For example, this research could be repeated
when the parts are new and when the parts are almost ready for
replacement.Appendix A. Variables in the study
Variable name
and description
Code Units Accuracy,
precision, and/
or effect size
Range
or
levels
Source
instrum
Tensile Strength
(MD and CD
see research
question
section)
Ten Grams
per
square
inch
(Gm/Sq.
in)
Accurate to 10
Gm/ sq. inch1
Precision is 37
Gm/ sq. in
500–1220 Thwing
tensile
Stretch Str Percent Accurate to 1%
precision is
0.07%1
4–12 Thwing
tensile
Breaks B Yes/No Categorical Yes/No Visual
observa
operato
Machine Speed Sp Feet per
minute
+/- 1 Ft/min
Unsure of
calibration
standard
500–610 Red Lio
gage m
D73A
1Sample is a grouping of three samples from a specific roll of paper.
test.
2Tensile tester calibrated to NIST traceable standard in June 2014.
3Rolls of paper are usually made two weeks or more in advance. We
run, but for this research the rolls were all chosen from an alread
Appendix B. Tensile, Stretch and Month Produced
ID Fit Stretch Ten
4658419 Good Percent Pou
4689770 Good Percent Pou
4689802 Good Percent Pou
4689812 Good Percent Pou
4725163 Breaks Percent Pou
4725199 Breaks Percent Pou
4725208 Breaks Percent Pou
4725226 Good Percent Pou
4725228 Breaks Percent Pou
4725229 Breaks Percent Pou
4725236 Good Percent Pou
4725245 Breaks Percent Pou
4725247 Breaks Percent Pou
4725248 Breaks Percent Pou
4725249 Breaks Percent Pou
4725250 Breaks Percent Pou
Table continues to include all data points.
Please cite this article in press as: B.H. Bader, M.A. Badar, A study on production
Schultz Rewinder, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.jestA follow-up research design could be done to determine if the
model developed could be generalized for predicting the optimum
conditions for preventing breaks while running the paper through
the Schultz Rewinder.or
entation
Priority or
importance
to the
research
Easy or
hard to
control
Experimental
control
Other
Albert
tester2
High Medium
(Post
Hoc)3
Independent
variable
Manufacturing
specification is a
minimum of 810
Gm/Sq. in
Albert
tester2
High Medium
(Post
Hoc)
Independent
variable
Gage tolerance is a
minimum of 2%
tion by
r
High Hard Dependent /
Independent
variable
Objective is to
have no breaks
during a run
n speed
odel
High Easy Dependent
variable
Objective is to run
maximum speed
without having
the web break.
The reported precision is the standard deviation of the Gage R&R
can request certain variables be changed for a particular future
y made stock.
sile Month Speed
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
nds per inch Feet per minute
breaks in gynecological examination table cover paper rolls processed on a
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